Mesoporous carbons with a high surface area were produced using reinforcing fibres from scrap tyres, polyester Dacron ®, polyamide Nylon6 and a bituminous waste as carbon precursor by two different procedures: physical activation and MgO-templated synthesis. Moreover, MgO-templated synthesis was carried out by means of two different mixing methods: powder-and solution-mixing procedures. The maximum surface area, highest pore volume and mesopore ratio were obtained for MgOtemplated carbons. Nanocarbons with narrow pore size distributions showing maxima at 4.5-5 nm in the case of powder-mixed MgO templated carbons and at 7 nm for solution-mixed MgO templated carbons were obtained. The mesopore size of the carbon-coated materials was in agreement with their crystallite size as determined by X-ray diffraction (XRD). The surface chemistry of the materials was also studied by thermal programmed desorption (TPD), infrared spectroscopy and by determining the pH pzc . The MgO-templated carbons had acid surface groups, whereas activated carbons had basic surface groups. The adsorption of a reactive dye by two nanocarbons prepared by two different mixing procedures was tested.
Introduction
More than 300 million tons of tyres are discarded every year worldwide. All the materials used in tyre-compounding are totally recyclable. Tyre recycling plants produce a fluff consisting of a mixture of polymeric fibers and rubber particulates that cannot be further separated and are disposed of at landfill sites. This fluff comes from the textile fibres used as reinforcement in tyres [1] . Pyrolysis is a process that allows the decomposition of waste tyres into gas, pyrolytic oil and char, all of which are highly useful products. The oil and gas can be used to generate the energy needed to operate the recycling plant itself while the char can provide mesoporous carbons with a high surface area for use as adsorbents of pollutants [2] .
Mesoporous carbon has attracted a great deal of attention since it can be applied to many fields such as the adsorption of large molecules, as catalyst supports, carbon electrodes for double-layer supercapacitors, desulfurization for clean energy, etc [3, 4] .
Activated carbons can be prepared from various carbon precursors by means of pyrolysis followed by physical activation. During activation, micropores are created usually accompanied by meso and macropores that facilitate the diffusion of adsorbates into the microporosity. During recent years various attempts have been made to prepare microporous and mesoporous carbons by means of the template method with zeolite and silica as template [5] , since with these materials it is possible to obtain a homogeneous pore size and an optimum morphology. The use of organic templates avoids the need to employ corrosive acids and also yields highly ordered mesopores of a homogenous size [5] .
A method that has been studied in the present research work is the preparation of mesoporous carbon materials using MgO as template. This is a method of template synthesis which is useful for preparing porous carbons with a controlled structure, particularly mesoporous carbons, from thermoplastic carbon precursors without the need for any stabilization or activation processes. In this case, an MgO precursor is essential, examples of which are magnesium citrate, magnesium acetate, magnesium gluconate, magnesium hydroxyl-carbonate or MgO itself [5, 6, 7] .
The present study deals with the preparation of mesoporous carbons with a high surface area by means of three different methods: two of which use MgO as template while the third involves carbonization followed by physical activation. The aim of the present work was to compare the texture and surface chemistry of mesoporous activated carbons with a burn-off of 63% with MgO-templated carbons in order to find an efficient way to produce mesoporous carbons with a high surface area. The MgO-templated carbons were produced using reinforcing fibres derived from scrap tyres and blending them with a bituminous waste in a proportion of 1:1
Experimental

Raw materials
Reinforcing fibres (RF) obtained as a waste during the grinding and shredding of scrap tyres together with a bituminous waste (BWM) obtained from the benzol distillation column of the by-product section of a coking plant were employed as carbon precursor [8] . RF was obtained from the processing of car and truck tyres [1] and is mainly composed of polyester and polyamide [9, 10] . The main characteristics of these materials are presented in Table S1 . For comparison purposes a blend of polyester Dacron ® (Da) and polyamide Nylon6 (Ny6) of commercial grade were also used for the preparation of the MgO templated carbons. Nonahydrated magnesium citrate obtained from Sigma-Aldrich was dried to obtain Mg 3 (C 6 H 5 O 7 ) which was used as the MgO precursor. Cibacron brilliant yellow 3G-P was also obtained from Sigma-Aldrich.
Waste materials such as RF and BWM were used as carbon precursor in order to enhance their added value.
Preparation of activated carbons
The activated carbons (ACs) were obtained by means of pyrolysis up to 850 °C at 5 °C/min under a N 2 flow rate of 400 ml/min in a rotary oven [1] . Activation was carried out in the same oven at 850ºC with a CO 2 flow of 250 ml/min up to a burn-off of 63 %. Two Acs were prepared, one from RF (AC RF) and the other from a 1:1 blend of RF and BWM (AC RF BWM).
Preparation of MgO-Templated carbons
The carbonization tests were carried out in the same oven as that used for the preparation of the ACs. The samples were heated at a rate of 5ºC/min to 950ºC in a nitrogen atmosphere. This temperature was maintained for one hour. The following materials were prepared: C3B (from Mg citrate), C3B Da Ny6 (50:25:25 wt. %); C3B RF (50:50 wt. %), C3B RF BWM 50 (50:25:25 wt. %), C3B RF BWM 40 (40:20:40 wt. %). The mixing ratio was determined on the basis of the mass of MgO expected to be formed from the Mg citrate. The mixture was prepared using two different processes, powder mixing (PM) and solution mixing (SM). In the PM procedure the mixture was heated in air up to the melting temperature of the fibres. Afterwards the mixture was pulverized in an agate mortar and carbonized in a rotary oven. For the blends with BWM the mixtures were prepared in two parts. After the blend of the RF and MgO precursor had been prepared, BWM was added. The mixture was heated again up to the softening temperature of the BWM. The blend was then ground in the agate mortar and carbonized. For the solution mixing procedure (SM), the precursor was imbibed in a solution of Mg citrate and left to dry. Due to the insolubility of BWM in water, this material was added once the imbibed fibre was dry. After carbonization the MgO was dissolved using 15 M HCl for 25h. The materials obtained were thoroughly washed with distilled water and dried.
Characterization
The elemental analysis was carried out by using a LECO CHN-2000 instrument The point of zero charge (pH PZC ) was determined according to the procedure described by Moreno-Castilla et al. [12] . Ar.
The topography of the fractured surfaces of the chars was studied on a Zeiss BWM the AC has a lower oxygen content. This is due to the previous heat treatment of the mixtures with BWM that facilitates the impregnation of the Mg citrate, favouring the introduction of elemental oxygen into the BWM molecules. Some of the oxygen remains on the surface of the carbon during carbonization providing it with a hydrophilic surface [14] . In contrast the carbons prepared by powder mixing have lower C, S and O contents.
Results and discussion
Composition of the carbons prepared
Textural characteristics and morphology of the carbons
The nitrogen sorption isotherms and pore size distributions corresponding to the ACs and nanocarbons are shown in Figures 2 and 3 respectively. The isotherms obtained are of type IV in the BDDT classification [15] which is typical of mesoporous solids that show an increase in the amount of nitrogen adsorbed in the mid P/P 0 range.
The isotherm corresponding to C3B shows greater nitrogen adsorption in the region of low relative pressure which indicates the presence of micropores related to the gasification reaction of carbon at high temperature. This reaction is caused by the CO 2 derived from the decomposition of the MgCO 3 into MgO and CO 2 [16, 17] .
This isotherm also indicates there is a strong adsorption up to a relative pressure of 0.4 reflecting the presence of pores in the small mesopore region [4] . For relative pressures higher than 0.4 a marked hysteresis loop can be observed. In the isotherms corresponding to nanocarbons prepared by powder mixing it can be seen that there is an increase in the amount of nitrogen adsorbed at a lower relative (P/P 0 = 0.41) pressure than those prepared by solution mixing (P/P 0 =0.48). This indicates that a smaller mesopore size results from PM preparation. In the case of the ACs the hysteresis loop is smaller and at a higher relative pressure the amount adsorbed is also lower. A mean mesopore size in the range of 4.5-5. nm in the case of powder mixing was obtained, while in the case of solution mixing the pores were around 7 nm excepting C3B Da Ny6 that had pores with a size of around 9 nm (Figure 3 ).
A study of the pore formation mechanism together with the XRD patterns of the carbon-coated materials before the MgO is eliminated may be useful for understanding the differences in the mesopore sizes obtained. When the Mg citrate mixture with the carbon precursor is heated, the carbon precursor melts at a specific temperature (117 °C for BWM and around 270 °C for the rest of the po lymers) causing the formation of a film on the surface of the Mg citrate particles. MgO is not formed until a temperature of 496 °C is reached. The layer of carbon precursor th at is covering the particles of Mg citrate decomposes but continues to cover the Mg citrate that eventually will decompose to give MgO. The dissolution of the MgO will leave behind the carbon that now forms part of the pore walls whose size will depend on the crystallite size of the MgO formed [5] . The size of the MgO will depend on the precursor and the preparation procedure [6] . The higher crystallite size of MgO obtained when the SM procedure is used could be related to the slightly higher temperature of decomposition when MgO is formed as shown in Figure 1 . The crystallite size can be calculated by applying the Scherrer equation to the (200) peak of the XRD pattern [11] . as a template and that the mesopores of the C3B RF sample are formed once the MgO particles have been eliminated (see Fig S1) . The production of nanocarbons of a specific pore size which is possible using the MgO template method is not possible in the preparation of the activated carbons, as can be seen in Figure 3 [7, 18] .
The textural parameters of the ACs and MgO templated carbons are presented in Table 2 . The results show that the S BET values are significantly lower in the case of the ACs, especially when the RF/BWM blend is used as carbon precursor.
The nanocarbons and the AC prepared using RF as carbon precursor (samples:
C3B RF_PM, C3B RF_SM and AC RF), show that solution mixing produces a material with a higher S BET , V T , V microporos , V mesoporos and V meso /V T ( Table 2) The reason for this may be the fact that the decomposition of C3B observed in Figure 1 is also more similar to that of the carbon precursor prepared with the PM procedure than when the SM procedure is used.
Increasing the amount of C3B in the initial mixture as in the case of blends C3B
RF BWM 40_PM (ratio C3B/BWM=1:1) and C3B RF BWM 50_PM (ratio C3B/BWM=2:1) produces carbons with higher S BET , V meso and V T values due to higher availability of MgO nanoparticles [17] [18] [19] [20] .
A blend of pure thermoplastic polymers (Da Ny6) present in RF was also used with the two preparation procedures. The results shown in Table 2 Figure S2 ) which is a much higher value than the 43 m 2 /g value corresponding to the char obtained from RF [1] .
BWM can be considered as a residual pitch and it is well known that to be able to produce porous carbons from bituminous coals or pitches three steps are essential i.e. oxidation, carbonization and activation. The results of this study prove that it is possible to produce nanocarbons from a bituminous waste and waste fibres without the need for activation.
In order to confirm the mechanism of formation of the porous texture, SEM images are presented in Figure 5 to show the morphology of the samples before and after the dissolution of MgO. Figure 5a shows the presence of spherical clusters in the carbon matrix of sample C3B RF that was prepared by the powder mixing method, together with a close-up image of a cluster in the inset. After the elimination of the MgO (Figure 5a1 ) the carbon coating the MgO particles remains behind to form the pore walls with the same size as that of the dissolved MgO. Figure 5b shows an image of the carbon prepared from the RF BWM blend. It can be seen that the MgO appears more homogeneously distributed over the carbon surface. In fact the size of the clusters is around 500 nm in the first case (C3B RF-MgO) and 120-170 nm in the second (C3B RF BWM-MgO). This could be due to the greater fluidity of the precursor blend because of the BWM, that results in a better or more homogeneous impregnation of the MgO precursor by the carbon precursor. The dissolution of the MgO after carbonization produces pores that are evenly distributed over the carbon (Figure 5b1 ).
SEM-EDX analysis of these clusters before and after the dissolution of MgO was carried out to see whether MgO was effectively eliminated from the nanocarbon leaving the voids that constitute the pores visible in Figure S1 .
The different morphologies obtained as a function of the precursor for the nanocarbons and ACs are shown in Figure 6 . The nanocarbon C3B RF presents porous clusters of around 400-500 nm (Figure 6a ). When the polymer blend is used as carbon precursor these clusters appear to be closer to one another and are of a smaller size, i.e., approx. 200 nm (Figure 6b ). When BWM together with RF are used (Figure 6c ) in the initial blend the appearance is similar to that of the AC from RF (Figure 6d ) the pores being homogeneously distributed around the carbon matrix.
Surface chemistry
Because of the importance of the surface chemistry for the performance of carbons, various techniques were used to characterize the materials prepared. The point of zero charge determines the surface charge of the sorbent at a given pH and this information reveals the possible electrostatic interactions between the sorbent and chemical species. Table 2 shows the pH PZC corresponding to the carbons prepared. As expected, the ACs present values of around 8-9 while the MgO template carbons, due to acid treatment, present lower values, in the range of 3-5. The evolution of CO and CO 2 during the TPD experiments is shown in Figure 7 . The curves corresponding to the ACs are completely different to those corresponding to the MgO templated carbons.
The CO 2 profile of the latter indicates the presence of strong carboxylic acids reflected in the peak in the temperature range between 237-297 °C. The peak between 377-447 °C in the CO 2 profile indicates the presence of weaker acids [21] . The curves corresponding to the CO evolution of the MgO templated carbons show a peak with a maximum at 400 °C indicative of aldehydes or α-ketones [22] , the presence of phenols and carbonyl groups being reflected in the peaks at 660-725 °C and 700-900 °C respectively [21] [22] [23] [24] [25] . The profiles of the evolution of CO and CO 2 with temperature obtained for the ACs are completely different. Peaks in the CO 2 curve in the range where carboxylic acids decompose can be appreciated although not as clearly as in the MgO templated carbons. The peaks present in the range between 550-600ºC and 631-822 ºC correspond to the decomposition of peroxides and lactones respectively [21] [22] [23] 26] . The peak at around 650 °C in the CO 2 plot of the ACs can be assigned to the decomposition of mineral matter [27, 28] . The CO peak at high temperature (800-900 °C) indicates the decomposition of basic groups suc h as quinones in the activated carbons [21, 22, 24] .
The amounts of CO and CO 2 desorbed during the TPD analysis are summarized in Table 3 . The values recorded indicate that the carbon surface is not highly functionalized. The amount of CO desorbed is greater than that of CO 2 for all the samples. The amount of CO+CO 2 desorbed in the ACs is greater than in the MgO templated carbons. Of course, it is necessary to bear in mind that some of the CO 2 evolved from the ACs is due to the removal of inorganic matter which is not present in the acid treated samples [28] . The CO/CO 2 ratio is higher in the case of the blends prepared with solution mixing. In order to confirm the results obtained by TPD the ACs and nanocarbons were studied by Infrared spectroscopy (see supplementary material).
Adsorption of a reactive dye
The results of adsorption of CBY with time are presented in Figure 8 expressed 
Experimental
Scanning Electron Microscopy-X-ray Energy Dispersive Spectroscopy (SEM-EDX) The samples was examined using ascanning electron microscope (SEM), Quanta 3D FEG (FEI Company), coupled to an X-ray Energy Dispersive Spectrometer (EDX) for local elemental analysis.
Infrared spectra using the diffuse reflectance mode (DRIFT) spectra were recorded on a Nicolet Magna-IR560 spectrometer equipped with a mercury cadmium telluride detector (MCT-A) which operates at a sub-ambient temperature. The particle size of the samples was <63 µm and the spectra were recorded from 4000 to . Figure S1 shows the nitrogen sorption isotherms corresponding to carbon prepared from a blend 1:1 of RF and MgO after dissolution of MgO and a char prepared from RF.
Results and Discussion
Infrared spectroscopy is a useful technique for confirming the presence of the oxygenated functional groups detected by TPD. Figure S3 shows the diffuse reflectance infra-red spectra (DRIFTS) of the carbons prepared. In order to make a correct interpretation of the spectra it is necessary to bear in mind that each functional group gives rise to bands at different wavenumbers. A broad band in the 3600-3200 
